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What Is the Lasagna™ Public-Private

Partnership?

In early 1994, the U.S. Environmental Protection Agency (EPA) signed a
Cooperative Research and Development Agreement with a private research
consortium—consisting of Monsanto, DuPont, and General Electric—to
jointly develop an integratedh situ remedial technology, referred to as the
Lasagna™ process. In 1995, with significant funding from the Department of
Energy (DOE), a field experiment to test the Lasagna™ process was initiated
at the DOE Paducah Gaseous Diffusion Plant in Kentucky. This collaborative
effort between the federal government and industry evolved into one of seven
Action Teams of the Remediation Technologies Development Forum (RTDF).
The RTDF was established in 1992 by EPA to foster collaboration between the
public and private sectors in developing innovative solutions to mutual
hazardous waste problems.

What Is the Problem of Concern?

Contamination in low-permeability or heterogeneous soils poses a significant
technical challenge tm situ remediation efforts. Difficulty in accessing the
contaminants and delivering treatment reagents has rendered traditional tech
nologies—such as vapor extraction and pump-and-treat—rather ineffective
when applied to the low-permeability soils at many contaminated sites.
Another major problem involves mixed wastes (organics plus heavy
metals/radionuclides). The incompatibility of treatment methods for these two
contrasting types of contaminants has created considerable difficulty in
treating this type of waste.

What Is the Lasagna™ Process?

The Lasagna™ process, so named because of its treatment layers, combine
electrokinetics (EK) with treatment zones that are installed directly in the
contaminated soils to form an integratéd situ remedial process.
Electrokinetics includes electroosmosis (EO, transport of water) and
electromigration (EM, transport of ions). EO, used for years by civil engi-
neers, is known for its effectiveness in moving water uniformly through low-
permeability soils at very low power consumption. Conceptually, the
Lasagna™ process would be used to treat organic and inorganic contaminant:
as well as mixed wastes.

The Lasagna™ process is designed to treat soil and ground-water contami-
nants completelyn situ, without the use of injection or extraction wells. If
successful, it could replace the more conventional methods for containing and
treating contaminants in low-permeability soils. The schematic diagrams on
the next page depict two typical configurations (horizontal and vertical) of the
Lasagna™ process. Other variations also are possible. Treatment zones can
discrete or continuous (dispersed in the soil) or a combination of the two.



Vertical Configuration of the Lasagna™ Process
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Note: Electroosmotic flow is reversed upon switching electrical polarity.

As the digrams illustete, the outer Igers consist of positely
or neatively chaiged electndes.The eleciic field creaed ty
the electodes maes contaminants in soil gofluids into or
through the eament lyers.

In situ decontaminéon using the Lagma™ pocess can
occur ly:

Creating zonesin close proximity to one another
throughout the contaminated soil region and converting
them into sorption/degradation zones by introducing
appropriate materialseq, sorbents, catalytic agents,
microbes, oxidants, bigf's, etc.). Hydraulic fracturing
and related technologies may provide deatif’e and
low-cost means for creating such zones horizontally in the
subsurface soil. The degradation zones can also be
emplaced verticallyas depicted in the schematic above,
using sheet piling, trenching, and slurry walls. Methods
such as pneumatic fracturing, jet grouting, and soil mixing
could be used to create dispersed or homogeneous treat
ment zones.

Utilizing electrokinetics to transport contaminants from
the soil into the treatment zones for degradation. Locating
these zones close to one another minimizes the time it
takes for the contaminants to be moved by EK from one
zone to the next. In the horizontal configuration,
hydrofracturing can be used to place graphite or other
granular electrically conductive materials in zones above
and below the contaminated soil area to form the elec
trodes in place. For highly nonpolar contaminants, surfac
tants can be introduced into the water or incorporated into
the treatment zones to solubilize thgamics. For mixed
wastes, treatment zones containing mixed reagents or
multiple zones containing @#rent reagents could be used
to handle gganics and metals/radionuclidsgnultane
ously or sequentially

Recycling the cathode dluent (high pH) back to the
anode side (low pH), which provides a convenient
means for pH neutralization and water management.
The electrical polarity can be periodically reversed, if
needed, to minimize complications associated with
long-term applications of one-directional EK processes.
Polarity reversal also allows multiple passes of the-cont
aminants through the treatment zones for complete
sorption/degradation.

The orientation of the electrodes and treatment zones
depends on the site/contaminant characteristics. In general

Horizontal Configuration of the Lasggna™ Process
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the vertical configuration is probably applicable to more
shallow contaminationi.g., within 50 feet of the ground
surface), whereas the horizontal configuration, using
hydraulic fracturing or related methods, is capable of
treating much deeper contamination.

What Is the Mission of the
Partnership?

The mission of the Lagaa™ Rrtneiship—which indudes
private industy, DOE, and ER—is to pool &pettiise and
resouces to adance the deelopment of the Lagma™
process toemedi&e oganic and inaganic contaminants in
low-pemeaility soils. The overall goal of the Rrtneiship
is to suficiently develop the Lasgna™ tebinolagy so tha
it can be utilizd for site emedidion.

What Has Been Accomplished?

In the Phase I-&ftical field test,completed in 1995ta
Paducah,the Lasgna™ pocess ddieved a 98 paent
removal of TCE, from a tight tay soil (.e., hydraulic
conductvity <107 cm/sec),with some samples sing



greder than 99 peent emoval. TCE soil levels were
reduced fom the 100 to 500 ppmamge to an gerage
concentation of 1 ppmThis success led to full-scale testing
of the Lasgna™ pocess (called Phase llAe¥ical), incor
porating reactve treament ones to desty TCEin situ The
full-scale test bgan in August 1996 and wered an aga
measung 30 ket ly 21 feet ly 45 feet dep. High levels

of TCE in pe-test samples singly indicaed the pesence
of pure TCE dioplets (Dense Non-Aqueous Phase Liquids
or DNAPLS) in the soil. Two electodes (one on ehcend
of the test site) are usedwith three teament ones &
2- and 5-bot intewals to help detenine the optimal spacing
Ead electode or teament one measad 21 et acoss,
1.5 indhes thik, and 45 éet dep.

Despite inding & least 30 times mefTCE contaminton
than &pected and encounieg an undehed sand lens {a
a deth of 20 to 25 det) tha may have caused unpr
dictable hydraulic mavement &the test sitethe test vas
successful. Samples &k after Aout 10 months of opar
tion shaved 99.8 parent TCE removal in the soil egion
bracketed betwen the 2dot-spacing &ament Dnes.
This coresponded to anvarage TCE level of 0.1 ppm,
substantiall lower than the Kntuky soil dearup taget.
Two soil sections densteam of the last é#&g&ment one
shaved dout 70 perentTCE removal, clealy suggesting
tha clearup was abieved Well water samples and
analsis of eaction poducts also sugpsted DMPL
movement and it situdegradaion by iron filings. Based
on the test da, DuPont has det@nined thathe cost of the
Lasagyna™ teament is $50 to $100/ydlor dearup of a 1-
acre or lager site As a esult of this demonsition, DOE
is pussuing egulaory approval through the CERCLA
process to lean up the entir Solid Waste Mangement
Unit using Lasgna™.

The Uniersity of Cincinnai, through a Coopetive
Agreement fundedybERA, is conducting lhoratory and
field reseach on tydrofractuing and biodgraddion to
develop the hdrontal confguration. This work, which has
been perdrmed in dean soilshas bcused on desloping
durable electical and fuid connections to the hiaontal
(hydraulic fractue) electodes and #ament ones and
solving the poblem of gas geneetion in the elecrdes. Six
different horzontal test units hee been installedta dean
site near Cincinrta The suvival of a methanotpic
microorganism in a ament one is being xamined
while the electwdes hove and belw are enegized to
move weter by electbosmotic pocessesThe teament
zone is composed ofgrular actvated carbonwhich was
seeded with mi@organisms and wutrients though
hydrofractuing bebre it was installedThe micoorganism
was isoléed from a goup of oganisms and @as selected
for its aility to degradeTCE. Two small-scale haontal

cells hae been installed inTCE-contaminted soil
a Rickenba&er Air National Guad Base (ANGB) in
Columhus, Ohio. The teament ones in one cell use
reductve dedlorination (zero-valent iion); the other
cell has a single biotpcal treament one A
30 pecent eduction inTCE concengtions has been
obsewved in soils in the biolgical treament cell. Both
cells ae in opeation and ae being sampled pedically
to track TCE concengtions and detenine when ted-
ment can be teminaed The infrastiucture for two lamge-
scale harontal cells has been installed MICE-contam
naed soil & Offutt Air Force Base (AFB) in Omaha,
Nebraska.The computecontolled paver suppy, instru-
ment luilding, and utilities ae in placeand the meerials
to install the gaphite electodes and ero-valent ion trea-
ment ones hae been atered

Lasagna™ Partnership Members

DuPont (Anaerobic Biodegradation/
Vertical Zone Installation)

DOE (site Selection/
and Field Support) EPA (Hydrofracture/

Biodegradation)

Integrated In-Situ
Remediation Technology

General Electric
(Electrokinetic/Physicochemical
Treatment)

Monsanto (Lasagna™ /
Electroosmosis/Biodegradation)

What Are the Partners’ Roles?

Ead Partner bings paticular knavledge and &pettise, as
well as contibutes the @souces necessato complete the
Partnership’s reseach and deelopment missiorThe thee
companies sharpoprietaly technolagies and their collec
tive undestanding of EK caalytic dedlorination, biore-
medidion, process simlation, and cost angkis to suppdr
development and waluaion of the Lasgna™ pocess.
DOE biings to the pject knavledge of EK and bioeme
diation and povides funding and angical and feld
suppot for the studiestaPaducah. ER's Naional Risk
Mangement Reseah Laboratory (NRMRL) in
Cincinndi is leading the ivestigtion of emplacement and
opew:tion of the hoizontal confguration of the Lasgna™
process. In conjunction with the Wmeisity of Cincinnai,
NRMRL is using lydrofractuing to ceae electodes and
treament ones in subsuate soils and is selecting
microorganisms thiacan dgrade contaminants and sive
electoosmosis. NRMRL and the Umirsity of Cincinnai



also ae investigating the basic godemisty of the Lasgna™ pocess to
provide a sound basisif optimizaion. The Ratnership is fcilitated by Clean
Sites,Inc., under a coopetive agreement with ER s Tedhnolagy Innovation
Office, and ly The Scientic Consulting Goup.

What Activities Are Planned?

In the sping of 1996, the Rartnership’s Phase IlIA-¥rtical Lasgna™
demonstation was selectedor indusion in the édeal govemments Raid
Commecialization Initiative (RCI). Rtticipation of California ER,
Southeaster Stdes Enegy Boad, the Westen Govemors Associdion, and
various stée ervironmental gencies in RCI will helpdcilitate regulaory
acceptance and widespad use of the Lagaa™ tebnolagy. Results fom
Phase IlIA-\éttical and the subsequeriearup (Phase 11B-¥ttical) will be
used to poduce ‘eiified cost and peosfmance dta for the Lasgna™
process,which will also gedly increase its acggance and usé&/arious
treadment pocesses ar curently being irvestigated in the lhoratory to
address other types of contaminargach as DMPLSs, heary metals,and
mixed wastesAdditional test sites arbeing sought to fthier demonstte
the efectiveness of the témology. Monsanto also is awgly working on the
commecialization of the Lasgna™ tebnolagy through licensing and par
neiship agreements.

W The work on ¢as @neartion and elecical/fluid
connectionsdr hotizontal emplacements inean soll

Lasa "™ | was completed ding the sping and summer of
1996. The hoizontal field test & Rickenba&er
— ANGB will continue in 1997-1998 until éatment is

completed The hoizontal test cells & stheduled 6r installdion a Offutt
AFB in the fll of 1997 and will opete duing 1997-1998.

Who Are the Members of the
Lasagna™ Partnership?

DuPont
i Wusll Geneal Electic
Monsanto
U.S. Depatment of Eneagy
U.S. Ervironmental RotectionAgeng

Additional oganizaions involved in the pojects intude Lokheed Matin
Enegy SystemsNilex, APl, CDM Fedeal, the Unversity of Cincinnai, the
Stae of Kentudy, and the US. Air Force

Lasagna is a tademak of the Monsanto Compgn

RTDF

Would You Like
Mor e Information?

For more information on the \ertical config-
uration of the Lasagna™ Processplease
contact:

SaV. Ho, Ph.D. (Principal Investigator)
B. Mason HughesPh.D. (Project Manager)
Monsanto Compary
800 N Lindbergh Boulevard
St. Louis, MO 63167
Tel: 314-694-5179 or 314-694-1466
E-mail: sa.vho@monsanto.com or
b.mason.hughes@monsanto.com

For more information on the
horizontal configuration of the Lasegna™
Processplease contact:

Mic hael Roulier, Ph.D.

U.S. Environmental Protection Agency
26 West Martin Luther King Dr ive
Cincinnati, OH 45268
Tel: 513-569-7796
E-Mail: roulier.michael@egamail.epa.gov

For information on the RTDF or other
Action Teams,please visit the RDF World
Wide Web site & www.rtdf.org or contact:

Robert Olexsey
U.S. Environmental Protection Agency
26 West Martin Luther King Dr ive
Cincinnati, OH 45268
Tel: 513-569-7861
E-mail: olexsey.bob@epamail.epa.gov

Walter W. Kovalick, Jr., Ph.D.

U.S. Environmental Protection Agency
401 M Street,SW (5102G)
Washington,DC 20460
Tel: 703-603-9910
E-mail: kovalick.walter@epamail.epa.gov

To request other RIDF fact sheetsplease
write/fax to:

EPA/NCEPI
11305 Reed Hatman Highway, Suite 219
Cincinnati, OH 45241
Fax: 513-489-8695
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